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HIGHLIGHTS

32
 Air sampling has taken place at 4 sites around the steelworks.
33
 Hourly and daily samples were collected with Streaker and Partisol samplers.
34
 ME-2 was applied to both datasets for source apportionment.
35
 PM contributions from individual steelworks processes are identified.
36
 Steelworks emissions account for 45% of measured PM 10 mass. developing and applying abatement strategies to reduce population exposures to particulate matter.
66
The development of cost-effective strategies depends critically upon a quantitative knowledge of 67 the contribution of different sources to airborne particulate matter concentrations. Receptor 68 modelling is a widespread approach to identify emission sources and to resolve their contribution to 69 PM mass (Viana et al., 2008a) . sintering, blast furnace, basic oxygen furnace and other steel processing units (Passant et al., 2002) .
74
Earlier work (Moreno et al., 2004; Dall'Osto et al., 2008; Hayes and Chatterton, 2009 ) has
75
identified the steelworks as a major contributor to local PM 10 concentrations and the steelworks 76 units have been recognised as major emission sources of heavy metals such as chromium, copper, 77 lead, cadmium, arsenic, zinc, manganese, iron, nickel, vanadium and selenium (Passant et al., 2002; 78 Moreno et al., 2004; Dall'Osto et al., 2008) . However, knowledge has been lacking as to the 79 magnitude of the contribution of the steelworks to airborne PM concentrations as well as the 80 identity of the predominant sources within the steelworks.
82
The present study focuses on the identification and apportionment of emission sources of particulate 83 matter pollution in the vicinity of the integrated steelworks complex located in Port Talbot.
84
As a complement to previous studies, which used approaches including scanning electron 85 microscopy (Moreno et al., 2004) , single particle analysis using an aerosol time of flight mass 86 spectrometer (Dall'Osto et al., 2008; 2012) and particle size distribution analysis (Taiwo et al., 87 2014), the present study has applied the Multilinear Engine (ME-2) receptor model to identify and 88 apportion emission sources of PM in the study area. The aim was not only to identify the steel 89 emission profiles, but also to attribute emissions to specific production units in the integrated steel 90 complex.
92
MATERIALS AND METHODS
93
The study area is the coastal industrial town of Port Talbot (51°34'N and 3°46'W) located in South
94
Wales, UK. The integrated iron and steel facility is the largest steel producer in the UK and one of 95 the biggest steel producers in Europe, with a production capacity of about 5 million tonnes per year.
96
It is a complex mixture of stationary source and fugitive emissions associated with the main 97 processes which consists of iron-making (sintering, blast furnace BF, and raw materials), steel- resolution to capture short-lived emission events arising from specific operations; therefore, in this 101 work we coupled hourly and daily resolution sampling (Lucarelli et al., 2011) .
Sampling and Analysis
113
The hourly and daily sampling of PM was achieved through the use of Streaker and Dichotomous
114
Partisol 2025D samplers for a period of 29 days between April 18 and May 16, 2012.
115
Streaker samples (collected on Nuclepore filters for PM 2.5 and Kapton foils for PM 2.5-10 ) were where the data values are fitted by sums of products of unknown factor elements (Paatero, 2000) .
141
For bilinear problems it takes the form X = G·F + E, where X is the known n by m matrix of the m 142 measured chemical species in n samples; G is an n by p matrix of factor contributions to the 143 samples; F is a p by m matrix of species concentrations in the factor profile. G and F are factor 144 matrices to be determined and they are constrained to non-negative values only. E is defined as a One advantage in using ME-2 is that a priori information can be added as linear constraints in the 149 object function to be minimized instead of using the generic rotational tools available in Positive
150
Matrix Factorization (Paatero and Hopke, 2009; Amato et al., 2009; Amato and Hopke, 2012; and 151 therein cited literature).
153
In this work, the datasets analysed with ME-2 comprised only normal variables, defined according 154 to the signal-to-noise criterion reported in Paatero and Hopke (2003) .
156
Uncertainties for Partisol daily samples were calculated using the formula adopted by Viana et al.
157
(2008b) as 0.1·C+MDL/3; where C is the concentration and MDL is the method detection limit. The average wind rose registered during the investigated period is reported in Figure 2 . It is worth noting that in almost all cases the factors showed fairly similar profiles and EVF at both 226 sites pointing to the same sources impacting on the areas adjacent to the steelworks. The major 227 difference was found for the Steel 2 factor, as will be explained in the following. of sulphur dioxide on the adjacent waterway and in the in-shore and off-shore harbours (see Figure   262 1). Previous work has reported the accumulation of sulphate and nitrate on metal-rich particles (e.g.
263
forming ZnSO 4 and PbSO 4 particles) as well as on sea salt or soil dust particles (e.g. forming
264
Na 2 SO 4 and NaNO 3 particles) (Sullivan et al., 2007; Marris et al., 2012; Perrone et al., 2013) . The In factor 4, sulphur is the dominant element in the profile at both sites. Also Cu and Pb at LW and
272
Pb at FS show EVF values larger than 0.3. The high S concentration can be related to coke making 273 emissions rich in SO 2 ; Pb and SO 2 were attributed to coking emissions also in previous work (e.g. 
278
The EVF values of S, Cu, and Pb together with the polar plots for factor 4 suggest a possible aged aerosol) and mineral origin. Indeed, the Mg-to-Na ratio at both sites (0.12-0.14) is consistent The factor 6 profile is characterised by the presence of Al, Si, and Ca at both sites. In Figure In Figure 5 the temporal patterns of the factors resolved by ME-2 are represented in arbitrary units Streaker hourly data reported in the previous section indicated that there are no significant 332 differences in the sources impacting in the steelworks area; therefore, the pooling of the 333 compositional data can be performed in order to get a more robust source identification.
335
The optimal ME-2 solution showed 6 factors for PM 10 (in agreement with the sources resolved in 336 the hourly datasets), 7 factors for PM 2.5 , and 6 factors for PM 2.5-10 . The Q main -to-Q teo ratio was 1.5, 337 2, and 1.8 for PM 10 , PM 2.5 , and PM 2.5-10 , respectively. This ratio between Q values is often used as The high EVF values for Na, Mg, and Cl and the profile in factor 1 for PM 10 (Figure 6a ) point at the 344 association with the "Marine aerosol" source. It seems specifically a fresh marine contribution as 345 the Cl-to-Na ratio is 1.7 and the Mg-to-Na ratio is 0.10, in good agreement with the average 346 composition of the sea salt (Seinfeld and Pandis, 1998 As mentioned before, for PM 2.5 the optimal ME-2 solution is the 7-factor one (Figure 6b ), which 398 separates the contributions from sulphates and nitrates accounting for 27% and 20%, respectively
399
( Figure 7b ). The sulphate-to-ammonium ratio is 2.2 in factor 6 and the nitrate-to-ammonium ratio is 400 4.6 in factor 7 indicating the possibility of having ammonium sulphate and nitrate in the fine PM 401 fraction. Again, the presence of heavy metals in the profile of factor 6 -especially Pb -together 402 with sulphates might be due to coking. In Figure 6b , factor 6 and factor 7 for PM 2.5 are called
403
"Ammonium Sulphate + Steel 3" and "Ammonium Nitrate", respectively. 
CONCLUSIONS
414
The hourly data collected at Port Talbot captured the peculiarities of different emissions from the 415 integrated iron and steel-making facility and were effective in resolving contributions from different 416 steelworks units that the daily data could not always detect due to the short time characterising these 417 emissions. Moreover, the hourly resolution demonstrated high metal concentrations lasting a few 418 hours which may lead to an exposure problem in this area.
419
The receptor model analysis of daily and hourly data collected at Port Talbot has allowed 421 identification of 6 factors for PM 10 and PM 2.5-10 and 7 factors for PM 2.5 . The polar plots for the ME-422 2 profiles of the hourly data were helpful to resolve sources with similar chemical signatures. Hourly temporal patterns of factor contributions obtained in the ME-2 6-factor 595 solution.
596
Figure 6a: 6-Factor solution resolved by ME-2 for PM 10 (daily data) in the steelworks area.
597
Chemical profiles are represented as bars (in ng/ng) and the explained variation as 598 dots.
599
Figure 6b: 7-Factor solution resolved by ME-2 for PM 2.5 (daily data) in the steelworks area.
600
Chemical profiles are represented as bars (in ng/ng) and the explained variation as 601 dots.
602
Figure 6c: 6-Factor solution resolved by ME-2 for PM 2.5-10 (daily data) in the steelworks area.
603
Chemical profiles are represented as bars (in ng/ng) and the explained variation as 604 dots.
605
Figure 7a: Source apportionment for PM 10 (daily data) in the steelworks area.
606
Figure 7b: Source apportionment for PM 2.5 (daily data) in the steelworks area.
607
Figure 7c:
Source apportionment for PM 2.5-10 (daily data) in the steelworks area. 
